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NAQJ SKA1 STUDY GROUP
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SKA Phase 1

CONSTRUCTION PROPOSAL

g’lg General Relatjvity

(Strong Regime, Gravitational Waves)

e
.

Cradle of Life
(Plangts, Molecules, SETI)

.
Cosmi¢ Magnetism
(Origin, Evolution)

Cosmic Dawn

: (F!rst Stars and Galaxies)

Galaxy Evolution
(Normal Galaxies 2%2-3)

»
Cosmology ™ \

Wen Large Scale Strucﬁre). ‘

Exploration of the Unknown
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SAUARE KILOMETRE ARRAY
NAOQJ SKA1 STUDY GROUP

(Baseline design|ZFRE5)

Selected SK&-Low Performance Parameters

Selected SKA-Mid Performance Parameters

Aperture Arrays Aperture 133 x 15-m (equiv. dia.) offset Gregorian reflectors
Lower Frequency 50 MH:z Plus 64 x 13.5-m [equiv. dia.] offset Gregorian reflectors
Upper Fraquency SSIUMAE LT Antenna RF System Freq. Range [GHz)
Number of antennas per station 256 Band 1 0.35— 105
Station Effective Diamater* 38 m
Number of stations 512 Band 2 =l
Total physical aperture 5.8 x 10° m* Band Sa SEI=LET
station Beam Ferming Band 5b B.30-1530
Number of beams 1-384
Max. bandwidth per beam 300 MHz Continuum Sensitivity
Max. no. of antennas per beam 256 SEFD [each antenna, Stokes 1) LA
Signal Processing System Band 1 [0.35 —0.65 GHz) 2.1 mi K
Max. no. frequency channels 55296 Band 1 (065 — 1.05 GHz) 4.2 miK
standard Frequency Resolution 5.4 kHz Band 2 10.8 mi/K
Max. Frequency Resolution 226 Hz Band 53 B.E MK
Complex Comrelations 2.0y 107?
Integration Time 095 Band Sh SESie
Array Beam Former
Maximum number of beams: Signal Processing System
Pulsar Search 500 Corelator
Pulsar Timing 16 Max. no. frequency channels 65536
VLBI 4 Max. Frequency Resolution 0.21 kHz
Max. Total Bandwidth: standard Frequency Resolution 13.75 kHz
Pulsar Search 118 MHz complex Comelations 5.0 x 10
Pulsar Timing S Minimum integration Time 0.14s
VLBl 300 Array Beam Former
o o o ; Maximum number of beams:
Pulsar Search 1500
| SKA1—MID Pulsar Timing 16
_ WLEI 4
SEAT-LOW, ‘J"""_ [ Total Bandwidth:
1000 Pulsar Search 300 MHz
= Pulsar Timing 20 GHz
WLBI 2% 2.5GHz

r im#

100 :

|13

2020/S: 2o

- LOFAR LEA

0.1 1 10

Freguency (GHz)
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Ratification Schedule = July 2020

WWWWWW

Australia

China
India °

ltaly

Netherlands v

Portugal [
South Africa v

Sweden ]
United Kingdom °
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SAUARE KILOMETRE ARRAY
NAOJ SKA1 STUDY GROUP

ORTTa—IJL

« 20194£108 Deployment
baseline design/5Baseline
designlR9

« 20194128 System CDR

. gzofﬁfﬁﬁﬂ -RESEOH

« 20205F9R EREIH
(CGP:Construction Proposal)
15 FH ETE]
(OEDP:Observatory
Establishment and Delivery

Plan)DiRE
o 2021 EEEEERBALA

o 20245 HVi5System AlV,
Science Commissioning

2020/9/25

!peratluns

End of AAL End of AAZ End of AA3

o Startof AAl  Start of AA2 Start of AA3  Start of AAG Acceptance
ITF ready art o art o art of Pcepts
30/06/2021
System CDR Close  To  30/06/. 30/06/2023  30/06/2024  30/06/2025  30/06/2026  30/06/2027 30/06/2028

31/03/2020 01/01/2021

bl N i e e e
T T T T T T T T T T
020 construction 2021 2022 2023 T 2024 2025 2026 2027 2028
Proposal AAQ.5 Dec-28
Submission
30/6/2020

Infrastructure

Networks

Dish

Synch & Timing

Central Signal Processor

Computing Hardware
& Software

Key project milestone Designation LOW Telescope MID Telescope
Start of construction TO 1% July 2021 1% July 2021
Earliest start of major contracts co August 2021 August 2021
Operations Acceptance Review OAR January 2028 December 2027
End of Construction July 2029 July 2029

Selected Level 1 milestone completion dates

B R XESKARET T IL—T 7
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Total cost

Design Sept 2020 Provided through annual contributions
Baseline submitted

==Hff

1 CIREITES Capital cost  Construction Observatory Operations Observatory  Funding
(€M) of Support & Development Period

ULl 7{0 8 construction Budget Business-Enabling Functions  Programme

(EM) (EM) (EM) (EM)

R
1986 1282 664 40 2021-2030

SKA-1 Total Costs (€M)

350
300
250
200
150
100

50

o Hlx Hai |II |l| III |II Ill Ill |- Il

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

mmmm Construction (Capital) mmmm Construction Support
= Operations/Business Enabling sssm Observatory Development
s TOTAL

EER R E D Ltime profilelT DWW THRBZIT TS, FICE B L4 (2021-
2023) D FH BT EZRED (ARIZHin-kindZHEZROLNTIND)
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fficient Money fo

Design Baseline Initial Years

ent Money for

for Design Baseline

No

End of
Reduced

f :
Execute to Hardware

Milestone incl
Integration

A
Depioyment Baseline
|

Re-plan Baseline to fit
ufficient Money emergedl: N|°

avalilable funds

Use Contract
ﬂ Termination Triggers

No
v
SKA1 Project not
—> Foliow Plan approved
|
l Risk is too high
=, L3 ¥,
“ End of “ ‘ Re-plan |
. Construction | \ SKA1
COFS To

>

B R ESKA1EE T IL—T

Reduced Design Baseline
b4

Execute to Hardware
Milestone incl
Integration

v

End of
Reduced
Construction



SAUARE KILOMETRE ARRAY
NAGJ SKA1 STUDY GROUP

Contract Tier 1 Lead | Status Other Participating Countries Contract type

Low Infrastructure Australia Conditional | - ECCs

Low Infrastructure Australia Conditional PSC

PSC

Low Field Node Italy Conditional | Australia, United Kingdom PSC, ECC (5C)

Low Digitisation Italy Condition g:'a. India, United Kingdom, Netherlands PSC, ECC (SC)

Low AIV PSC Australia Cnndjﬁ{ Japan, Nptherlands PSC

Low CSP Netherlands | Conditiona ia ECC

Low Clocks United Conditional | Switzerland ECC
Kingdom

Low Timing United Conditional | China, Spain ECC
Kingdom

Mid Infrastructure South Africa | Conditional ECCs

Mid Infrastructure South Africa | Conditional | - PSC

PSC

Mid Dish Structure China Conditional® | Italy, South Africa, Spain, Germany ECC (SC)

Mid Dish PSC South Africa | Conditional PSC

Mid Digitisation Sweden Provisional! France, South Africa ECC

Mid AIV PSC South Africa | Conditio Japan a ortugal PSC

Mid CSP Canada Conditionaly ECC

Mid Clocks United Conditional | Switzerland ECC
Kingdom

Mid Timing United Conditional | Australia, Spain ECC
Kingdom

Mid Cryo United Conditional® | (France, Germany) ECC
Kingdom

MID SPF Services South Africa | Conditional | - ECC (5C)

Mid Band 1 5PF Sweden Conditional | India, Spain ECC

Mid Band 2 SPF South Africa | Conditional | - ECC

Mid Band 5 SPF United Conditional! | Sweden, (France, Portugal, Spain) ECC
Kingdom

Low SPC France Conditional? ECC [PSC)

Mid SPC France Conditional? ECC (PSC)

Low Networks Unallocated ECC

Mid Networks Paortugal Conditional? | - ECC (PSC)

OMC India Conditional | Italy, Portugal, South Africa, United Kingdom PSC

SDHP United Conditional | Australia, China, Germany, India, Italy, PSC
Kingdom Netherlands, Portugal, South Africa

Low CPF United Conditional? | - ECC [P5C)
Kingdom

Mid CPF United Conditional? | - ECC (PSC)
Kingdom

I on | South Africa | Conditional | - PSC

2020/9/25

E I XX ESKA1&Et T IL—TF
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SAUARE KILOMETRE ARRAY :
NAOJ SKA1 STUDY GROUP &2

o HAMS: 934 (20224F 38 KET)
® IREH)—F— IMNK FHIT
® Fy—y - EERHE

1.

)

2020/9/25

HARAIC, EEMES[RDOTTHEMIN-EBIREHARL . FHMNERE RZI/O0—XT 5,
(F )

The Project should make a personnel transfer plan to foreign organizations in which a significant
fraction of permanent staff are transferred to and indeed a few permanent staff should have been
transferred by the end of the period.

The Project should make a staffing plan which describes contributions to SKA1 by in—kind staffing
contribution from Japanese universities through NAOJ, which should be approved by SKA
headquarter.

The Project should consider the change of the contribution with radio receivers if the proposers
wish to continue this project after the end of the period. The Panel recommends that Band 5c
receivers which the proposers wish to plan should be changed to those with other receiver band(s)
or other instrument(s) or more in—kind contributions which strongly link to scientific motivations of
Japanese science community.

ElIL R B &M A DSKAKRERL LLIF IR A DIREFTEIZERLL . ERRICH AN D AR S AV EAR]
RIZIRESN D,

ARZEODANNERNEILRXEDEMO—EELTSKAKRBBICEYEESN, TN EMEEHT-
STEIZERRT B,

BERNEMTEDDFNGEFr—IERTI D,

ELRXESKA1®E T IL—T 11



SAUARE KILOMETRE ARRAY
NAOQJ SKA1 STUDY GROUP

B AIV (Assembling, Integration and Verification) &SV
(Science Validation) ~D &M

B SRC (Science Regional Center) ADE MM
B SKA-VLBI WG (Development Program) ~MD& M
B Bend6/ 10 B i~ DS =

BromsnmoRAL

B £Key Science Program~N DS - prmt e .
,,,,,,,,, . [ -
- = -
m2021 59 KDIEEZHET ! | e e
...... = -
—— pResiass 8
e HE— :.s::o
e
e SJ—
il ——— |
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m{a]H’Give and TakehH ?
« Emhk  Cash, In-kind, Manpower
v'Cash: SKAO management#Z%&:
v’ In-kind: Subsystem®iE:%
v'Manpower:  &%5t - &IF - BER
v 10%®Dreturn (LHEEDT0WLL EZFDOETEH)
- E1§ #RIFFR. Presence
& ¥ UliSd
> Key Science®PI, sub-PI, Member & L THSM
> Open BEREIANDSIN (A 2/ \BEFfE)
X AFEDOEBRDopen sky [XEED5Y
> ELBIRFRIDE L. EEEIESICHHIT S
v'Presense
> Science col laboration
> Engineering collaboration

2020/9/25 ZKRVLBIER AR EHEER Y
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B3I [CTelescope AIVADS

hn

é%’é?utz?)lxu— MEE-1E
ﬁl:. |:| ﬁﬂj user Requremens v staaoon

u ] [ ] RN i
BScience Validation~ND& = I s
fn —— |

- BUAIMERE. Ty TL—asts me: =4
BEDERL . EFEF R e
HlLow Mid&HI22020F M 5In- T
kind®Z& I e -t ot doun s bt st
« LOW PSI A]Ef
« MID PSI[Z£3R &N TV,

2020/9/25 ELRXESKA1®E T IL—T 14



OSRCIEEIWGA DS (FIE. [EHA)
- BEREH. HE. 2EOKE

- BRI IBARAER DBRE
OHE(EHEXXE)LD2EMIGA

- L KIRHARBAHIBEIZSRCIZ
B9 51N

« 201955 ICRT7U7SKAY MY
AWS DB (iR 2E M35 —)

« MWAZRUWL=-HFETDIHA

OERNTOHSRC #BESIL—FDiH

« T—AMITIFXR/IN—F, ALMA A

RC, YIhOIF7ILDZTF I3E
TR

Funding
Agency(ies)

T

SRC Coordination Committee J National

1 representative per Member State Member
Strategy; Decision-making; long-term
coordination
(Chaired by SKAO Director of Operations)

End-to-End J Operational
i 4‘ SRC Network}
co-operations
End-to-End
co-development

2020/9/25 ELRXESKA1®E T IL—T 15



BCSP(HRASS. AR/, NI Y —H—T42 5 )DL VDIFT

A
H2.4GHz BW x 2pol X 4beams X 2bit =80 Gbps

1A T L (TANGO) TOERRDBEAR

JKIRVLBIERRIFR 5T EIARFY

p . FsP1
Function-configurable Data
Band-specific Band-invariant products
Very Coarse Channelizer Frequency Slice  —
(VCC) Processor-1 Visibilities to SDP
——
(FSP-1)
1 ~ v PSS Beams
FSP-2
(" Function-configurable ) Data | PST Beamsl
Band-invariant
roducts
Frequency Slice j proct | VLBI Beamsl
Band-specific Processor-2 VLBI visibilities
Very Coarse Channelizer Y (FSP-2) )
(VCC)
: ®
e FSP-N
® e Data
products
® FSP-N
®
N
197 Qutput
Switch
N
2020/9/25
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SAUARE KILOMETRE ARRAY
NAOJ SKA1 STUDY GROUP &

WiR 5 R

» Band6+7 (15-50GHz)
- ZXREH

v Tsys <15K

v'T spill=3K T feed=2K
Trx <10K

BAdvanced Single Pixel
Feed Receiver (ASPFR)
DREIGIZS N

2020/9/25 ZKRVLBIER AR EHEER Y

/\ LOWNOISE FACTORY
www lownoisefactory.com

LNF-LNC4_23A

4-23 GHz Cryogenic Low Noise Amplifier

32

Measured typical data Tame=5 K

Gain and Noise

17



ATEHEY. ZMLTWVS,
m2019.9 SKA-JP WS

BEARLR SKA AT RXTvH

(2020) O L hiR o
. BADQEBE REY AT RDEE T

D

B HA0DKey science BN Al -F
ERR-FHEHORNSTODORE

« 202151 H D SKA Science WS@Cape Town,
BT ~ORES
« SKA T—AFvYLIY (HIT—42, SBiA#EiE) ~

= http://ska-
»® 7J|] jp.org/SKAJP_Science_Book_2020.pdf
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- NHIZEBOHEIFF (ALV, SC, SRC)
c MEFHNEETDHEHFRTHDER
s SMLE=-AEBADIEA—2 DIRET
V IREQOHRFADAEEFDEETEATEALL
v HRHEMAELTOENRXEDZE ?
mY AT XEIRDE R
« X—HAIX[ZEDELSIZSEHTEIMN?
s F—HAIDRIZF—LTSMD ., FERIZSIH ?
« F—LEIIFZEEDLIIZEHZM?

=
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B SKA1(X2021 ENSEERDBAR. 2024 FE IS ER R ERRIDEE
BRI IN—T ORI, Fr—I%% = EEEE
BSKA-1~NODBADEBE

e AIV/SVADEE

. SRCADEREH, EFILORE

« Key Science Program~®DZ MM

 SKA VLBI WGIZZ&n
 Band6B:fiT#R &+

m £R R Rl (X E Bk (S Ee 51
o BEREIE (IR 1E£3%) (5% C =28 BB e
« ZFE(FELGE)EOHERAEDEIH
B ERE
7D/I7|~77/0)%E~ JOVOMRE.FRI. FPEDER
RENDEKIE
. ?ﬁfl’ﬁfﬂ"]ﬁFeasibilityk%ﬁﬂ%EO)|'EJJ:
« Science promotion®) /5 &1 - B &
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SPF - Baseline

—
Band 2

Band 1
(et

—
5 10| // ZOI LGHZ

< >

‘ Band B

» Sensitivity requirement (Goal)
» BandA (1.6 —5.2 GHz) : 6.5 m?K (n = 78%)
= Band B (4.6 — 24 GHz): 6.1 m?/K from 4.6 — 13.8 GHz (n=70%)

4.7 TBC m?/K from 13.8 — 20 GHz (n = 65%)
3.5 TBC m?/K from 20.0 — 24 GHz (n = 60%)

= Polarization (IXR) better than 15 dB over HPBW

» Sampled Bandwidth
* Band A: 1 x 3.6 GHz @ 12 GSPS for each pol., 6 bit
» Band B: 2 x 2.5 GHz @ 50 GSPS for each pol., 3 bit



